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[57) ABSTRACT

A high pressure heat exchanger has a body with spaced
apart parallel plates with side walls joined to the periph-

eral edge of each plate; a tubular high pressure liquid
inlet header external of the body; a tubular high pres-

sure liquid outlet header external of the body; a plural-
ity of separate tubular runs in communication with the
inlet and outlet headers; each tubular run including a
tubular portion between substantially all adjacent plates
of the body; the tubular portions of the same run being
interconnected at one end by a tubular liquid return
with a tubular portion on the opposite side of a first
adjacent body plate and interconnected at the other end
by a tubular liquid return with a tubular portion on the
opposite side of a second adjacent body plate; the body
internal plates having a liquid communication opening
which permits a second liquid to flow from the space on
one side of a baffle plate to the space on the other side
of the baffle plate in a serpentine flow path through the
body while in heat exchange contact with a first liquid
flowing countercurrent in the tubular runs; the body
having an inlet for feeding a second liquid into the body
so that it flows countercurrent to the first liquid in the
tubes; and the body having an outlet for withdrawing
the second liquid from the body.

A method of making the heat exchanger is also dis-

closed as is refrigeration apparatus using the heat ex-
changer.

28 Claims, 5 Drawing Sheets
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HIGH PRESSURE HEAT EXCHANGER FOR
COOLING HIGH FOULING LIQUIDS

This invention relates to apparatus for and methods
of heat exchange between fluids. More particularly, this
invention is concerned with a novel high pressure heat

exchanger which can be used as part of a total system
for cooling high fouling liquids.

BACKGROUND OF THE INVENTION

A wide variety of liquids are used for heating and
cooling purposes. However, the successful use of lig-
uids for such purposes generally requires that the heat-
Ing or cooling capacity of the liquid be withdrawn by
means of a heat exchanger through which the liquid
flows in indirect heat exchange with another liquid or a
gas.

Many different types of heat exchangers are availabie
but, in general, they are designed for use with relatively
pure liquids so that fouling of the heat exchanger, re-
gardless of whether it is the shell or tube side, or both
sides, is minimal. Additionally, the heat exchan gers are
mostly useful for low pressure operation, i.e. below 200
psi, although there are some which are suitable for high
pressure use but they are not designed for use with
fouling liquids.

One of the uses of heat exchangers for cooling pur-
poses 18 in deep mines where temperatures of 120° to
140° F. are not uncommon. An efficient way to cool
deep mines is to produce an ice slurry at ground level
and then feed it through a high pressure heat exchanger
located deep in the mine. The resulting warm aqueous
liquid is returned to ground level and again cooled to an
ice slurry which is then recycled into the mine heat
exchanger.

A mine cooling system as described requires a high
pressure heat exchanger because the pressures involved
are often above 3000 psi. Additionally, the system
should be one which can handle an ice slurry without
being easily plugged by ice deposits and should also be
useful for cooling a wide range of waters available in a
mine, many of which have a high mineral content
which could foul the system. For example, several years
ago muines tried closed loop high pressure shell and tube
heat exchangers to directly cool the dirty mine water
but they quickly fouled and had to be scrapped.

SUMMARY OF THE INVENTION

A high pressure heat exchanger, useful as part of a
total heat exchange system, is provided including a
body comprising a pair of spaced apart external parallel
flat plates having substantially the same size and shape
and with- each plate terminating in a peripheral edge
portion; the body having side wall means joined to the
peripheral edge portion of each external plate thereby
enclosing a heat exchange space defined by the external
plates; a body having a plurality of spaced apart internal
parallel flat baffle plates parallel to the external plates
and joined to the body side wall means; a tubular high
pressure liquid inlet header external of the body; means
to feed high pressure liquid to the inlet header; a tubular
high pressure liquid outlet header external of the body:;
means to withdraw high pressure liquid from the outlet
header; a plurality of separate tubular runs in communi-
cation with the inlet and outlet headers: each tubular
run including a tubular portion between substantially all
adjacent plates of the body; the tubular portions of the
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same run being interconnected at one end by a tubular
liquid return means with a tubular portion on the oppo-
site side of a first adjacent body plate and intercon-
nected at the other end by a tubular liquid return means
with any tubular portion that is on the opposite side of
a second adjacent body plate; the body interior having
liquid communication means which permits a second
liquid to flow from the space on one side of a baffle
plate to the space on the other side of the baffle plate in
a serpentine flow path through the body while in heat
exchange contact with a first liquid flowing countercur-
rent in the tubular runs; the body having inlet means for
feeding a second liquid into the body so that it flows
countercurrent to the first liquid in the tubes; and the
body having outlet means for withdrawing the second
liquid from the body. |

The high pressure heat exchanger is particularly use-
ful in systems which use a cooling liquid, including an

~ ice slurry, on the tube side thereof because the tubes can
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easily handle high pressures, such as are involved in
mine cooling. The high pressure heat exchanger can be
used as part of a cooling system capable of use with
highly impure waters, such as are present in deep mines.

The tubular liquid returns at each end of the same
tubular portion can be U-shaped tubular elements set in
a vertical plane. Desirably, however, for most of the
tubular runs, the tubular liquid return means at each end
of the same tubular portion are U-shaped tubular ete-
ments set at essentially equal but opposite angles in a
zig-zag pattern so that every other one of the tubular
portions of a specific tubular run are on opposite sides of
a plane normal to the body external plates.

The spaced apart parallel plates are rectangular and
the tubular runs are substantially parallel to the longer

side edges of the rectangular plates.

The high pressure liquid outlet header can be substan-
tially adjacent to the short side edge of the rectangular
plates at one end of the heat exchanger. The high pres-
sure liquid inlet header can also be substantially adja-
cent to the short side edges of the rectangular plates at
one end of the heat exchanger. Also, the high pressure
liquid outlet and inlet headers can be on the same end or
opposite ends of the heat exchanger.

Each of the internal spaced apart parallel baffle plates
can have a slot adjacent one end and the tubular liquid
return means can be located in the slots, with the slots
being at alternating ends of adjacent baffle plates.

The side wall means can comprise spacer bars be-
tween the edges of adjacent plates and the plate edges
can be welded to the spacer bars and the adjoining
spacer bar edges can be welded together.

The external diameter of the tubular portions be-
tween the plates can be less than the distance between
adjacent parallel plates. Also, cross bars can be posi-
tioned lateral to the tubular portions between and in
contact with the tubular portions and an adjacent paral-
lel plate.

At least one side of each internal plate can be covered
with a layer of thermal insulation.

The external parallel plates are desirably reinforced
externally by stiffener means.

In a more specific embodiment, the invention pro-
vides a high pressure heat exchanger including a body
comprising a plurality of spaced apart parallel plates all
having substantially the same size and shape and with
each plate terminating in a peripheral edge portion; the
body having side walls means joined to the peripheral
edge portion of each plate thereby enclosing a space
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defined by the plurality of plates; a tubular high pres-
sure liquid inlet header external of the body; means to
feed high pressure liquid to the inlet header; a tubular
high pressure liquid outlet header external of the body;
means to withdraw high pressure liquid from the outlet
header; a plurality of separate tubular runs in communi-
cation with the inlet and outlet headers: each tubular
run including a tubular portion between substantially all
adjacent plates of the body; the tubular portions of the
same run being interconnected at one end by a tubular
liquid return means with a tubular portion on the oppo-
site side of a first adjacent body plate and intercon-
nected at the other end by a tubular liquid return means
with any tubular portion that is on the opposite side of
a second adjacent body plate; the body internal plates
having liquid communication means which permits a
second liquid to flow from the space on one side of a
baffle plate to the space on the other side of the baffle
plate in a serpentine flow path through the body while
in heat exchange contact with a first liquid flowing
countercurrent in the tubular runs; the body having
inlet means for feeding a second liquid into the body so
that it flows countercurrent to the first liquid in the
tubes; and the body having outlet means for withdraw-
ing the second liquid from the body.

The invention also provides refrigeration apparatus
comprising a closed loop including cooling means to
cool an aqueous liquid, conduit means for feeding the
cooled aqueous liquid from the cooling means to and
through the tube side of a high pressure heat exchanger
as defined above, means for withdrawing warmed cool-
ing liquid from the tubular side of the heat exchanger
and returning it to the cooling means to be cooled again;
and conduit means for feeding a warm fluid to and
through the plate side of the heat exchanger to produce
cooled fluid, conduit means for withdrawing the cooled
fluid from the heat exchanger and delivering it to a
destination to be used for refrigeration purposes
whereby 1t is converted to warm fluid, and conduit
means for returning the warm fluid to the plate side of
the heat exchanger.

The cooling means can be at the earth surface of an
underground mine and the heat exchanger at a mine
horizon.

The cooling means can be one which converts at least
a portion of the aqueous liquid to ice to produce an ice
slurry.

The aqueous liquid can be water, a salt brine, an
aqueous glycol solution or any other suitable liquid.

The apparatus can be arranged, for optimum effi-
ciency, for flow of the warm fluid in the heat exchanger
countercurrent to the flow of the cooling fluid in the
tubular runs in the heat exchanger.

The invention also provides a method of assembling a
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heat exchanger comprising assembling a plurality of 55

separate but side-by-side tubular runs, with each tubular
run including spaced apart tubular portions, the tubular
portions of the same run being interconnected at one
end by a tubular liquid return means with an adjacent
end of a tubular portion on an opposite side thereof to
place the tubular portions in liquid communication with
each other; connecting inlet ends of the separate tubular
runs to a high pressure inlet header, and outlet ends of
the separate tubular runs to a high pressure outlet
header to thereby form a tube-side assembly; preparing
a plurality of flat plates having substantially the same
size and shape and with each plate terminating in a
peripheral edge portion, the plurality of flat plates in-
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cluding first and second external plates and a plurality
of baffle plates; making suitable shell side inlet openings
in the first external plate and attaching a shell side low
pressure inlet header to the outer surface of the first
external plate; making suitable shell side outlet openings
In the second external plate and attaching a shell side
low pressure outlet header to the outer surface of the
second external plate; placing the tube-side assembly in
position with respect to one of the first and second
external plates so that the tubular runs are essentially
normal to the interior surface of the plate; cutting a
lateral slot in each baffle plate adjacent one end with the
slots being at alternating ends of every other baffle plate
and with the slots being sized to receive the liquid re-
turn means of each tubular run; sliding a baffle plate
between each pair of tubular portions such that a slot
receives a liquid return means of each tubular run: and
applying side wall means joined to the peripheral edge
portion of each external plate thereby enclosing a heat
exchange space.

The side wall means can be produced by inserting
spacer bars between the edges of adjacent plates and
welding the plate edges together and to the spacer bars.
The method can also include positioning at least two
cross bars between the same side of each baffle plate and
the adjacent tubular portion of each tubular run and
securing the cross bars in place.

In performing the method, for most of the tubular
runs, the tubular liquid return means at each end of the
same tubular portion can be U-shaped elements set in
essentially a vertical plane. The U-shaped tubular ele-
ments can be set at essentially equal but opposite angles
In a zig-zag pattern so that every other one of the tubu-
lar portions of a specific tubular run are on opposite
sides of a plane normal to the external plates.

The method can include making all the plates rectan-
gular and positioning the tubular runs to be substantially
parallel to the longer side edges of the rectangular
plates. Also, the method can include positioning the
high pressure liquid outlet header substantially adjacent
to the short side edges of the rectangular plates at one
end of the heat exchanger and/or positioning the high
pressure liquid inlet header substantially adjacent to the
short side edges of the rectangular plates at one end of
the heat exchanger. Furthermore, the method can in-
clude positioning the high pressure liquid outlet and
inlet headers on the same or opposite ends of the heat
exchanger.

When desired or appropriate the method can include
insulating at least one side of each baffle plate and/or

applying stiffening means to the outside surface of the
first and second external plates.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a side elevation of one embodiment of high
pressure heat exchanger provided by the invention;

FIG. 2 is a plan view of the heat exchanger shown in
FIG. 1;

FIG. 3 1s an end view of the heat exchanger shown in
FIGS. 1 and 2;

FIG. 4 1s an exploded conceptual view of a heat ex-
changer of the invention which is presented to aid in
better visualizing the structure illustrated by the other
drawings;

FIG. § 1s a sectional view taken along the line 5—5 of
FIG. 2;

FIG. 6 i1s a sectional view taken along the line 6—6 of
FI1G. §;



5,001,906

S

FIG. 7 is a sectional view taken along the line 7—7 of
FIG. §: and

FIG. 8 is a schematic drawing illustrating how the
high pressure heat exchanger can be used in a refrigera-
tion apparatus or system.

DETAILED DESCRIPTION OF THE
DRAWINGS

To the extent it is reasonable and practical the same

or similar elements which appear in the various views of 10

the drawings will be identified by the same numbers.
With reference to the drawings, and particularly
FIGS. 1 to 3, the high pressure heat exchanger 20 has a
body 22 which includes a pair of spaced apart external
parallel flat plates 24,26 having the same size and rect-
angular shape and with each plate terminating in a pe-
ripheral edge portion. The body also includes a plural-
ity of spaced apart internal parallel flat baffle plates
28,30,32,34,36,38,40,42,44.46,48 which are parallel to
the external plates 24,26. The baffle plates are essen-
tially the same size and shape as the external plates.
Spacer bars 50,52,54,56,58,60,62,64,66,68,70,72 are
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positioned between the edges of the respective adjacent

external plates 24,26 and the respective baffle plates
28-48 and the plate edges are welded to the spacer bars
and the adjoining spacer bar edges are welded together.
The spacer bars generally have the same height and
thickness. In this way the four side walls of the body 22
are formed.

The heat exchanger body 22 is reinforced by welding
I-beam stiffeners 78 to the outside of top external plate
24 and to the outside of the bottom external piate 26.

The stiffeners 78 are positioned lateral to the length of

the heat exchanger and are spaced apart a suitable dis-
tance from the adjacent stiffeners.

An elongated slot 80 is cut into one end portion of top
external plate 24 and inlet header 82 is positioned over
the slot and is welded to the top external plate. Fluid
inlet pipe 84 is connected to inlet header 82 in fluid
communication therewith.

An elongated slot 86 is cut into one end portion of
bottom external plate 26 and outlet header 88 is posi-
tioned over the slot and is welded to the bottom exter-
nal plate 26. Fluid outlet pipe 90 is connected to outlet
header 88 in fluid communication therewith.

A layer of insulation material 96, which is optional
for some uses of the heat exchanger, is positioned to the
underside surface of the top external plate 24 and to
each of the baffle plates 28-48. Additionally, it may be
desirable to similarly insulate the upper side surface of
bottom external plate 26.

Each baffle plate 28-48 has a lateral slot 100 near one
end. The slot 100 is located at opposite ends of adjacent
baffle plates. Thus, baffle plate 28 has a slot 100 at the
right end, baffle plate 30 has a slot 100 at the left end,
baffle plate 32 has a slot 100 at the right end and so on.
Each slot 100 extends from the edge of a baffle plate and
extends nearly across the width of the plate so that the
slot is closed at one end and open at the other end before
the plate is assembled into the heat exchanger body.
The open end of the slot is located between a pair of
spacer bars 50-72 and is closed during welding. The
slots 100 provide for countercurrent flow of fluid on the
shell side of the heat exchanger. Additionally, they
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provide openings through which the U-shaped tubular 65

180° liquid return means can extend.
A tubular high pressure liquid inlet header 150 is
positioned laterally of the body 22 along the lower end

6

portion thereof. The high pressure header 150 is pro-
vided with a connecting pipe 152 which delivers the
feed liquid to the header. Also, a tubular high pressure
liquid outlet header 154 is positioned laterally of the
body 22 along the upper end portion thereof. The high
pressure outlet header 154 is provided with a connect-
Ing pipe 156 which receives the liquid outlet stream
from the header. Although the headers 150,154 are
shown in the drawings located adjacent the same end of
body 22 they can be positioned at opposite ends of the
body.

A plurality of separate identical tubular runs or coils
200 (FIG. 6) are positioned vertically in body 20 in a
side-by-side but spaced apart arrangement. Each tubu-
lar run 200 has an inlet end 202 connected to high pres-
sure inlet header 150 and an outlet end 204 connected to
high pressure outlet header 154. Each tubular run 202
Includes a straight tubular portion 206 between each
pair of adjacent plates 24, 28-48, 26. Each tubular por-
tion of the same run is interconnected at one end by a
tubular liquid return U-shaped 180° connector 208 with
a tubular portion on the opposite side of a first adjacent
baffle plate and interconnected at the other end by a
tubular liquid return U-shaped 180° connector 208 with
a tubular portion 206. The connectors 208 are located in
slots 100 at the opposite ends of adjacent baffle plates
28-48. As a result the tubular runs 200 are serpentine in
arrangement so that the liquid flow changes direction as
it passes from one to the next adjacent tubular portion
206 (FIG. 5).

In the embodiment shown in FIG. 5, the U-shaped
180° connectors 208 in each tubular run are set at essen-
tially equal but opposite angles in a zig-zag pattern so
that every other one of the tubular portions 206 of a
specific tubular run 200 are on opposite sides of a plane
normal to the body external plates 24,26. The concep-
tual drawing of FIG. 4, however, illustrates how the
tubular portions 206 and U-shaped 180° connectors 208
can be set in essentially a vertical plane. It is preferred
to have the connectors 208 in a zig-zag pattern as shown
in FIG. 6 because that permits positioning the baffle
plates and external plates closer together than when
vertical as in FIG. 4. Even so, the vertical height be-
tween adjacent plates 26,28-48,24 is usually greater
than the outside diameter of tubular portions 206 so as
to avoid having the U-shaped connectors 208 set at an
angle less than about 45° because if they were posi-
tioned closer to horizontal there would be inadequate
space for liquid on the shell side to flow alongside the
tubular portions 206. To accommodate the extra height
between adjacent plates when the connectors are at 45°,
lateral spaced apart spacer bars 210 are positioned on
the top of the tubular runs and welded thereto (FIG. 5).

The described apparatus can be assembled by assem-
bling a plurality of separate but side-by-side tubular runs
200 with the inlet ends 202 connected to the high pres-
sure inlet header 152 and the outlet ends 204 connected
to the high pressure outlet header 154. All of the baffle
plates 28-48 and the top and bottom external plates
24,26 are cut to size and slots 100 cut in the baffle plates.
The spacer bars 50-72 are cut to size as well as the cross
bars 210. Spacer bar 50 at the short end of the body 22
adjacent high pressure inlet header 150 can be provided
with holes and fit over the ends 202 before the header
150 is installed. Similarly, spacer bar 72 at the short end
of the body 22 adjacent high pressure outlet header 154
can be provided with holes and fit over the ends 204
before the header 154 is installed. Alternatively, after
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the holes are drilled the bar can be cut horizontally in
half and the two halves put in place on top and bottom
of the tubes respectively.

After the tubular runs 200 are fabricated and con-
nected to the headers 150,154, the tubular runs 200 are
placed on bottom external plate 26 which has already
had header 88 positioned over slot 86. Then baffle plate
28 1s slid in place with the slot 100 therein freely receiv-
ing the connectors 208. Then the cross bars 210 are
welded to the outer tubular portions 206. The spacer
bars 350 are then put in place on the bottom external
plate 26. The spacer bars 50 are then welded all around
to bottom external plate 26 and baffle plate 28. Then the
next baffle plate 30 is fit in place above the next tubular
portions 206 with the slot 100 in the plate on the oppo-
site end from the slot 100 in plate 28. The spacer bars 52
are then put in position and welded to the edges of the
upper and lower baffle plates. This is repeated until all
the baffle plates and spacer bars are installed and
welded into place. The top spacer bar 72 can be drilled,
cut in half and the two halves positioned so that the
outlet ends 204 are located in the split holes as described
above regarding spacer bar 50.

Before the top external plate 24 is put in position in
fabricating the heat exchanger, siot 80 is cut in the plate
and inlet header 82 is welded to the plate over the slot.

The reinforcing stiffeners 78 can be installed on the
top and bottom external plates 24,26 before or after
those plates are positioned in the assembly.

FIG. 8 illustrates schematically a system for using the
high pressure heat exchanger described above. A slurry
ice maker 300 is positioned on the earth surface adjoin-
ing a deep mine shaft. The slurry ice is fed from the ice
maker to conduit 152 which feeds it to high pressure
inlet header 150 of high pressure heat exchanger 20
described above. The ice slurry flows through the tubu-
lar runs 200 in the heat exchanger and exits into high
pressure outlet header 154 as warm water. Conduit 156
delivers the warm water from header 154 to ice maker
300. The described apparatus operates as a closed loop
on the heat exchanger tube side so that energy required
to pump the liquid is minimized.

An intermediate fluid is fed by conduit or pipe 84 to
Inlet header 82. As the warm intermediate fluid flows
through the shell side of the heat exchanger 20, counter-
current to flow of ice slurry on the tube side, the inter-
mediate fluid is cooled. The cooled intermediate fluid is
removed by outlet header 88 and fed by conduit 90 to a
low fouling plate and frame exchanger 310, or other
cooling or refrigeration heat exchanger. High mineral
content mine water can be fed by conduit 312 to the
plate and frame heat exchanger 310. The plate and
frame exchanger is designed for low pressure, is made
from material which resists corrosion and is easily disas-
sembled for cleaning. The cooled mine water is re-
moved from heat exchanger 310 through conduit 314.

The foregoing detailed description has been given for
clearness of understanding only, and no unnecessary
limitations should be understood therefrom, as modifi-
cations will be obvious to those skilled in the art.

What is claimed is:

1. A high pressure heat exchanger including:

a body comprising a pair of spaced apart external
parallel flat plates having substantially the same
size and shape and with each plate terminating in a
peripheral edge portion;

the body having side wall means joined to the periph-
eral edge portion of each external plate thereby
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enclosing a heat exchange space defined by the
external plates;
the body having a plurality of spaced apart internal
parallel flat baffle plates parallel to the external
plates and with the peripheral edge portion of each
baffle plate joined to the body side wall means by
welding;
a tubular high pressure liquid inlet header external of
the body;
means to feed high pressure liquid to the inlet header;
a tubular high pressure liquid outlet header external
of the body:
means to withdraw high pressure liquid from the
outlet header:
a plurality of separate tubular runs in communication
with the inlet and outlet headers:
each tubular run including a tubular portion between
substantially all adjacent plates of the body;
the tubular portions of the same run being intercon-
nected at one end by a tubular liquid return means
with a tubular portion on the opposite side of a first
adjacent body plate and interconnected at the
other end by a tubular liquid return means with any
tubular portion that is on the opposite side of a
second adjacent body plate;
the body interior having liquid communication means
which permits a second liquid to flow from the
space on one side of a baffle plate to the space on
the other side of the baffle plate in a serpentine
flow path through the body while in heat exchange
contact with a first liquid flowing countercurrent
in the tubular runs:
the body having inlet means for feeding a second
liquid into the body so that it flows countercurrent
to the first liquid in the tubes; and
the body having outlet means for withdrawing the
second liquid from the body.
2. A high pressure heat exchanger according to claim
1 in which, for most of the tubular runs, the tubular
liquid return means at each end of the same tubular
portion are U-shaped elements set in essentially a verti-
cal plane.
3. A high pressure heat exchanger according to claim
1 in which, for most of the tubular runs, the tubular
hiquid return means at each end of the same tubular
portion are U-shaped tubular elements set at essentially
equal but opposite angles in a zig-zag pattern so that
every other one of the tubular portions of a specific

- tubular run are on opposite sides of a plane normal to
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the body external plates.

4. A high pressure heat exchanger according to claim
1 1n which the spaced apart parallel plates are rectangu-
lar and the tubular runs are substantially parallel to the
longer side edges of the rectangular plates.

3. A high pressure heat exchanger according to claim
4 1n which the high pressure liquid outlet header is
substantially adjacent to the short side edges of the
rectangular plates at one end of the heat exchanger.

6. A high pressure heat exchanger according to claim
4 in which the high pressure liquid inlet header is sub-
stantially adjacent to the short side edges of the rectan-
gular plates at one end of the heat exchanger.

7. A high pressure heat exchanger according to claim
4 1n which the high pressure liquid outlet and inlet head-
ers are on the same ends of the heat exchanger.

8. A high pressure heat exchanger according to claim
4 in which the high pressure liquid outlet and inlet head-
ers are on opposite ends of the heat exchanger.
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9. A high pressure heat exchanger according to claim
2 in which each of the internal spaced apart paraliel
baffle plates has a slot adjacent one end and the tubular
liquid return means are located in the slots, with the
slots being at alternating ends of adjacent baffle plates.

10. A high pressure heat exchanger according to
claim 2 in which the side wall means comprises spacer
bars between the edges of adjacent plates and the plate
edges are welded to the spacer bars and the adjoining
spacer bar edges are welded together.

11. A high pressure heat exchanger according to
claim 1 in which the external parallel plates are rein-
forced externally by stiffener means.

12. A high pressure heat exchanger including:

a body comprising a plurality of spaced apart parallel
plates all having substantially the same size and
shape and with each plate terminating in a periph-
eral edge portion; |

the body having side wall means joined to the periph-

‘eral edge portion of each plate by welding thereby
enclosing a space defined by the plurality of plates;

a tubular high pressure liquid inlet header external of
the body:;

means to feed high pressure liquid to the inlet header:

a tubular high pressure liquid outlet header external
of the body;

means to withdraw high

outlet header:

a plurality of separate tubular runs in communication

with the inlet and outlet headers:

each tubular run including a tubular portion between

- substantially all adjacent plates of the body:

the tubular portions of the same run being intercon-

nected at one end by a tubular liquid return means
with a tubular portion on the opposite side of a first
adjacent body plate and interconnected at the
other end by a tubular liquid return means with any
tubular portion that is on the opposite side of a
second adjacent body plate;

the body internal plates having liquid communication

means which permits a second liquid to flow from
the space on one side of a baffle plate to the space
on the other side of the baffle plate in a serpentine
flow path through the body while in heat ex-
changer contact with a first liquid flowing counter-
current in the tubular runs:;

the body having inlet means for feeding a second

hiquid into the body so that it flow countercurrent
to the first liquid in the tubes; and

the body having outlet means for withdrawing the

second liquid from the body.

13. A high pressure heat exchanger according to
claim 12 in which, for most of the tubular runs, the
tubular liquid return means at each end of the same
tubular portion are U-shaped tubular elements set at
equal but opposite angles in a zig-zag pattern so that
every other one of the tubular portions of a specific
tubular run are on opposite sides of a plane normal to
the body plates.

14. A high pressure heat exchanger according to
claim 13 in which the spaced apart parallel plates are
rectangular and the tubular runs are substantially paral-
lel to the longer side edges of the rectangular plates.

15. A high pressure heat exchanger according to
claim 14 in which at least one of the high pressure liquid
outlet header and the high pressure liquid inlet header is
substantially adjacent to the short side edges of the
rectangular plates at one end of the heat exchanger.

pressure liquid from the
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16. A high pressure heat exchanger according to
claim 15 in which the high pressure liquid outlet and
inlet headers are on the same end of the heat exchanger.

17. A high pressure heat exchanger according to
claim 14 in which each of the internal spaced apart
parallel plates has a slot adjacent one end and the tubu-
lar liquid return means are located in the slots, with the
slots being at alternating ends of adjacent plates.

18. A high pressure heat exchanger according to
claim 14 in which the side wall means comprises spacer
bars between the edges of adjacent plates and the plate
edges are welded to the spacer bars and the adjoining
spacer bar edges are welded together.

19. A high pressure heat exchanger according to
claim 12 in which the external parallel platers are rein-
forced externally by stiffener means.

20. Refrigeration apparatus comprising:

a high pressure heat exchanger including a body com-
prising a pair of spaced apart external parallel flat
plates having substantially the same size and shape
and with each plate terminating in a peripheral
edge portion; the body having side wall means
jJoined to the peripheral edge portion of each exter-
nal plate thereby enclosing a heat exchange space .
defined by the external plates; the body having a
plurality of spaced apart internal parallel flat baffle
plates parallel to the external plates and joined to
the body side wall means; a high pressure aqueous
liquid inlet header external of the body; a high
pressure aqueous liquid outlet header external of
the body; a plurality of separate tubular runs in
communication with the inlet and outlet headers:
each tubular run including a tubular portion be-
tween substantially all adjacent plates of the body:
the tubular portions of the same run being intercon-
nected at one end by a tubular liquid return means
with a tubular portion on the opposite side of a first
adjacent body plate and interconnected at the
other end by a tubular liquid return means with any
tubular portion that is on the opposite side of a
second adjacent body plate; the body interior hav-
ing liquid communication means which permits a
second liquid to flow from the space on one side of
a baftle plate to the space on the other side of the
baffle plate in a serpentine flow path through the
body while in heat exchange contact with a first
liquid flowing countercurrent in the tubular runs:
the body having inlet means for feeding a second
liquid into the body so that it flows countercurrent
to the first liquid in the tubes; and the body having
outlet means for withdrawing the second liquid
from the body;

a closed loop including cooling means to cool an
aqueous liquid, conduit means for feeding the
cooled aqueous liquid from the cooling means to
the high pressure aqueous liquid inlet header and
through the tube side of the high pressure heat
exchanger, means for withdrawing warm cooling
hquid from the high pressure aqueous liquid outlet
header of the heat exchanger and returning it to the
cooling means to be cooled again; and

conduit means for feeding a warm fluid to the heat
exchanger body inlet means and through the plate
side of the heat exchanger to produce cooled fluid,
conduit means for withdrawing the cooled fluid
from the heat exchanger body outlet means and
delivering it to a destination to be used for refriger-
ation purposes whereby it is converted to warm
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fluid, and conduit means for returning the warm
fluid to the heat exchanger body inlet means so that
it can flow through the plate side of the heat ex-
changer.

21. Refrigeration apparatus according to claim 20 in
which the cooling means is at the earth surface of an
under ground mine and the heat exchanger is at a mine
horizon.

22. Refrigeration apparatus according to claim 20 in

which the cooling means converts at least a portion of 10

the aqueous liquid to ice to produce an ice slurry.

23. Refrigeration apparatus according to claim 20 in
which the aqueous liquid is water, a salt brine or an
aqueous glycol solution.

24. Refrigeration apparatus according to claim 20 in
which the apparatus is arranged for flow of the warm
fluid in the heat exchanger countercurrent to the flow
of the cooling fluid in the tubular runs in the heat ex-
changer.

25. A high pressure heat exchanger including:

a body comprising a pair of spaced apart external
parallel flat plates having substantially the same
size and shape and with each plate terminating in a
peripheral edge portion;

the body having side wall means joined to the periph-
eral edge portion of each external plate thereby
enclosing a heat exchange space defined by the
external plates;

the body having a plurality of spaced apart internal
parallel flat baffle plates parallel to the external
plates and joined to the body side wall means:

a high pressure liquid inlet header external of the
body;

means to feed high pressure liquid to the inlet header:

a high pressure liquid outlet header external of the
body;

means to withdraw high pressure liquid from the
outlet header:

a plurality of separate tubular runs in communication
with the inlet and outlet headers:

each tubular run including a tubular portion between
substantially all adjacent plates of the body:;

the external diameter of the tubular portions between
the plates being less than the distance between
adjacent parallel plates and with cross bars posi-
tioned lateral to the tubular portions between and
in contact with the tubular portions and the adja-
cent parallel plate; |

the tubular portions of the same run being intercon-
nected at one end by a tubular liquid return means
with a tubular portion on the opposite side of a first
adjacent body plate and interconnected at the
other end by a tubular liquid return means with any
tubular portion that is one the opposite side of a
second adjacent body plate;

the body interior having liquid communication means
which permits a second liquid to flow from the
space on one side of a baffle plate to the space on
the other side of the baffle plate in a serpentine
flow path through the body while in heat exchange
contact with a first liquid flowing countercurrent
in the tubular runs:

the body having inlet means for feeding a second
liquid into the body so that it flow countercurrent
to the first liquid in the tubes; and

the body having outlet means for withdrawing the
second liquid from the body.

26. A high pressure heat exchange including:
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a body comprising a pair of spaced apart external
paralle! flat plates having substantially the same
size and shape and with each plate terminating in a
peripheral edge portion;

the body having side wall means joined to the periph-
eral edge portion of each external plate thereby
enclosing a heat exchange space defined by the
external plates;

the body having a plurality of spaced apart internal
parallel flat baftle plates parallel to the external
plates and joined to the body side wall means;

at least one side of each internal plate being covered
with a layer of thermal insulation:

a high pressure liquid inlet header external of the
body:

means to feed high pressure liquid to the inlet header:

a high pressure liquid outlet header external of the
body;

means to withdraw high pressure liquid from the
outlet header:

a plurality of separate tubular runs in communication
with the inlet and outlet headers:

each tubular run including a tubular portion between
substantially all adjacent plates of the body:

the tubular portions of the same run being intercon-
nected at one end by a tubular liquid return means
with a tubular portion on the opposite side of a first
adjacent body plate and interconnected at the
other end by a tubular liquid return means with any
tubular portion that is on the opposite side of a
second adjacent body plate;

the body interior having liquid communication means
which permits a second liquid to flow from the
space on one side of a baffle plate to the space on
the other side of the baffle plate in a serpentine
flow path through the body while in heat exchange
contact with a first liquid flowing countercurrent
in the tubular runs:

the body having inlet means for feeding as second
liquid into the body so that it flow countercurrent
to the first liquid in the tubes; and

the body having outlet means for withdrawing the
second liquid from the body.

27. A high pressure heat exchanger including:

a body comprising a plurality of spaced apart parallel
plates all having substantially the same size and
shape and with each plate terminating in a periph-
eral edge portion;

the body having side wall means joined to the periph-
eral edge portion of each plate thereby enclosing a
space defined by the plurality plates:

a high pressure liquid inlet header external of the
body; |

means to feed high pressure liquid to the inlet header:

a high pressure liquid outlet header external of the
body;

means to withdraw high pressure liquid from the
outlet header;

a plurality of separate tubular runs in communication
with the inlet and outlet headers:

each tubular run including a tubular portion between
substantially all adjacent plates of the body;

the tubular portions of the same run being intercon-
nected at one end by a tubular liquid return means
with a tubular portion on the opposite side of a first
adjacent body plate and interconnected at the
other end by a tubular liquid return means with any
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tubular portion that is one the opposite side of a
second adjacent body plate;

the external diameter of the tubular portions between
the plates being less than the distance between
adjacent parallel plates and with cross bars posi-
tioned lateral to the tubular portions between and
In contact with the tubular portions and the adja-
cent parallel plate;

the body internal plates having a liquid communica-
tion means which permits a second liquid to flow
from the space on one side of a baffle plate to the
space on the other side of the baffle plate in a ser-
pentine flow path through the body while in heat
exchange contact with a first liquid flowing coun-
tercurrent in the tubular runs;

the body having inlet means for feeding a second
liquid into the body so that it flows countercurrent
to the first liquid in the tubes; and

the body having outlet means for withdrawing the
second liquid from the body. |

28. A high pressure heat exchanger including:

a body comprising a plurality of spaced apart parallel
plates all having substantially the same size and
shape and with each plate terminating in a periph-
eral edge portion;

the body having side wall means joined to the periph-
eral edge portion of each plate thereby enclosing a
space defined by the plurality plates;

a high pressure liquid inlet header external of the
body;
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at least one side of each internal plate being covered
with a layer of thermal insulation:

means to feed high pressure liquid to the inlet header;

a high pressure liquid outlet header external of the
body;

means to withdraw high pressure liquid from the
outlet header: |

a plurality of separate tubular runs in communication
with the inlet and outlet headers:

each tubular run including a tubular portion between
substantially all adjacent plates of the body:

the tubular portions of the same run being intercon-
nected at one end by a tubular liquid return means
with a tubular portion on the opposite side of a first
adjacent body plate and interconnected at the
other end by a tubular liquid return means with any
tubular portion that is on the opposite side of a
second adjacent body plate;

the body internal plates having liquid communication
means which permits a second liquid to flow from
the space on one side of a baffle plate to the space
on the other side of the baffle plate in a serpentine
flow path through the body while in heat exchange
contact with a first liquid flowing countercurrent
in the tubular runs;

the body having inlet means for feeding a second
liquid into the body so that it flow countercurrent
to the first liquid in the tubes; and

the body having outlet means for withdrawing the

second liquid from the body.
X * x x *x
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column 12, line 40, change "as" to -- a --; line 41, change

"flow" to -- flows --, line 52, after "plurality" insert

—— of =—: column 13, line !, change '"one" to -- on --, line 29,
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